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e INTRODUCTION

o Quarkonia production mechanism challenging for theory

o Several contribution
» Colour Singlet (CS)
o Colour Octet (CO)
» Colour Evaporation (CE)
o Inclusion of higher order terms (NRQCD)
Vs = 1.96 TeV, |y(y)| < 0.6, MSTWOSNLO

» Example: J/4) = i

» Leading-order CS undershoots measured
cross-section

o (O does not provide a scale but can
be fitted to match the data
= but predicts wrong polarisation o

o NRQCD factorisation valid at low p¢? : T

» Predictions on y. feed-down contradict low energy data from PHENEX?
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» Precision measurements at LHC(b) paramount for understanding Quarkonia

2



e INTRODUCTION

e LHCb:
» forward arm spectrometer: unique rapidity range
= complementary to ATLAS/CMS/ALICE

! N IEI B
raﬁ'ﬁﬁity (y) cove1‘age'°‘TLAS
o In this talk: =
- ipplllemi - . .
o J /1 cross-section ATTEREIT L maaadrida:
® Y‘(18) cross-section . ECAL, HCAL, counters lumi, muon, hadron PID

» Observation of double ]/ production

o Please refer to dedicated talks for
» Exclusive ). production
o Ratio of 0(2)/ 0(yc1)



e LHCB
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PID: mainly K/m
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gk )/ CROSS-SECTION

Submitted to EPJC

» Analysis strategy:
o Measure double differential cross section in rapidity and p

e NIy = pt o)
dydpr ZLXEqxXBJ/W — Ut ) XAy X Apt

» uu final state
o O<pit<14GeV, 2<y<4b
» Data from Sep. 2010, integrated luminosity: 5.2 pb-!
» Consider both
- Prompt /v
» J/v from b decays.
» Efficiencies calculated from simulation
(assuming unpolarised J /)
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LHCD

o #]/yP—uu estimated from
fit to inv. mass spectrum

» Fraction from b decays
extracted using pseudo-
propertime t;:
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J Iy candidates per 5 MeV/¢?

J Iy candidates per 0.1 ps
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COMPANRISON TO THEORY
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» Generally reasonable agreement between theory and measurement
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LHCb-CONEF-2011-009

sy DOUBLE )/¥Y PRODUCTION

 First seen: NA3 (1982) in m-platinum (Phys. Lett. B114,457)
e Main production mechanism at LHC: gluon-gluon fusion
» Predicted (prompt) cross-section (hep-ph/1101.5881)
o 4t ol/VI/V ~ 245 nb
o For LHCDb: o//¥I/¥ ~ 434 nb (w/0 ISR) or 4.14 nb (w/ ISR),

» Data recorded in 2010, integrated luminosity 35.2 pb-!
» Signal extraction:
e 4 muon combination (W )1(uww )2 from common vertex
» Each di-muon pair compatible with J /1 hypothesis
» Efficiency calculated from simulation (reconstruction and
event selection) and data (u-ID, trigger)
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RESULTS
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Y PRODUCTION
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LHCD

» Analysis strategy:

LHCb-CONEF-2011-016

Y(15) CROSS-SECTION

» Measure double differential cross section in rapidity and p

d’o NCECLS Yy i)

dprdy = LXxexXB(Y(S) - utu-) X Ay x Apt’

» uu final state

e O<pi<15GeV, 2<y<45

» Data from April - Now. 2010,
integrated luminosity: 32.4 pb-!

» Acceptance and reconstruction
etficiencies estimated from
simulation, trigger etf. from
data
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HCD

G 108.3 £ 0.7 (Stat.) fggg (SySt.) nb

o Sizeable contribution to uncertainties due to unknown Y polarisation

g Luminosity Precision on beam current 10%
% Trigger Difference between J/ and Y(nS) (simulation) 0-67%
O L
o) Polarisation on Extreme polarisation scenarios 0-33%
c acceptance
%‘ rPeOclsrrwlztar Hgﬂo%n Extreme polarisation scenarios 0-21%
-
§' Choice of fit function Test different functions 1%
—
?i Unknown pt Estimate effect of 0.5% p. resolution 1%
7)) spectrum T
- LHCb —@— 2.0<y<25
I~ Preliminary —l— 25<y<3.0 Cllalozl S e Statistical uncertainty on data 2%
i 10 \s=7TeV —&— 3.0<y<35 - (trigger)
oy ——— 35<y<4l Track quality cut Difference between data and simulation 0.5%/track
\b/ fL=32'4 pb'1 —— — 40<y<4-5 ) )
o 104 L2—— | I TR U R T RS ST R RS SR R 1{ agritﬂrrfmg Difference between data and simulation 4%/track
0 2 4 6 8 10 12 14 g
: . . . o
p Of Y(1 S) (GeV/C) Vertexing Difference between data and simulation 1%
T Muon ID Difference between data and simulation 1.1%
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—e— LHCb data (2.0<y<4.5)

direct LO NRQCD (2<y<4.5)
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COMPARISON TO THEORY / CNAS
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e fUMMMARY

o First measurements of J /1 and Y(1S) production cross-
section using data at vs =7 TeV recorded in 2010 at LHCDb
» Generally good agreement with theory
o Y(1S) measurement complementary to CMS
» Observation of double ]/ production at LHC
» First cross-section measurement
= reasonable agreement with theoretical prediction
 In preparation
o P(2S), Y(2S), Y(3S) cross section
» X(3872) quantum numbers JFC
o Dedicated talks for y. studies, X(3872) mass
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)/ EFFICIENCY
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» Estimated using simulated events
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Y(15) CROSS-SECTION

Table 3: Y (1S) production cross-section results as a function of y and pr, in nb. The first uncertainty is
statistical, the second systematic.

DT 0c(20<y<?2.)) 025 <y<3.0) c(3.0<y<3.)) (3.5 <y <4.0) c(4.0 <y <4.))
(GeV/c) (nb) (nb) (nb) (nb) (nb)
0-1 259 +0.18+1.00 | 278 +0.12+0.77 | 205+£0.10+048 | 198 +0.11 £055 | 247 +£0.25 +1.04
1-2 |1689+£029+269 | 670+0.19+182 | 540+0.16+1.24 | 490+0.17+1.30 | 596 + 0.38 +2.40

954 +0.33 + 3.61

848 £0.22 £2.32

6.55+0.18+1.51

545 +£0.18 + 1.37

6.69 £ 040 + 2.59

8.26 + 0.30 = 3.03

7.74 £ 0.21 £ 2.03

6.16 +0.17 = 1.40

520+0.18+1.23

586 +0.36 +2.31

8.67+0.30+ 308

6.72 £0.19 £ 1.73

516 £0.16 + 1.13

392 +£0.15+092

307+0.23+1.40

651 £0.26 +2.24

559+0.17+1.40

3.89+£0.14 £ 0.84

2.85+£0.13 +£0.66

241 £0.19 £ 1.08

459 +0.21 +£1.52

401 +£0.15 +£0.98

299 +0.12 £ 0.62

250+ 0.12 £ 0.54

1.64 +0.15 +£0.57

3.89 £0.19 = 1.25

304 £0.13+£0.72

247 £0.11 £0.50

1.61 £0.09 £ 0.35

1.37 £0.14 £ 0.46

2.65 £0.16 + 0.82

236 £0.11 £0.54

1.72 £ 0.09 £ 0.35

1.13 £0.08 +£ 0.25

0.80 £ 0.10 £ 0.26

Clow|lg|la|lwvn| | w]|
I
Olow|lwg|la|lwv| | w

I
[
-

223 £0.14 £ 0.65

1.78 £ 0.09 + 0.40

1.19+0.07 £0.24

0.84 +0.07 £0.19

0.49 + 0.08 + 0.31

10 - 11

141 £0.11 £ 040

1.14 £ 0.07 £ 0.25

092 +£0.06 £0.18

053 £0.05 £0.12

0.39 £ 0.07 £0.26

I1-12

1.31 +£0.10 £ 0.36

0.76 £ 0.06 + 0.16

058 +0.05+0.12

0.32 +0.04 £ 0.10

0.30 £ 0.07 £ 0.21

12 -13

0.77 £ 008 +0.21

059 £0.05+0.13

045+0.04 £0.09

037+0.04 +0.12

0.24 £ 0.06 £0.17

13-14

0.51 £0.06 £0.14

051 £0.05 £0.11

0.36 £ 0.04 £ 0.07

0.18 £0.03 +£0.05

0.05+0.02+0.03

14 - 15

047 +0.06 £0.13

0.32 +0.04 +£ 0.07

0.24 £ 0.03 £0.05

0.13+0.03 +£0.04

0.08 +0.03 + 0.07
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Y(15) POLARISATION
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el  Y(S) EFFICIENCY
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